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Impact of Emergency Colectomy on Survival of Patients
With Fulminant Clostridium difficile Colitis During an

Epidemic Caused by a Hypervirulent Strain

François Lamontagne, MD,* Annie-Claude Labbé, MD,†‡ Olivier Haeck, MD,† Olivier Lesur, MD,*
Mathieu Lalancette, MD,* Carlos Patino, MD,‡ Martine Leblanc, MD,† Michel Laverdière, MD,‡

and Jacques Pépin, MD*

Objectives: To determine whether emergency colectomy reduces
mortality in patients with fulminant Clostridium difficile-associated
disease (CDAD), and to identify subgroups of patients more likely
to benefit from the procedure.
Summary Background Data: Many hospitals in Quebec, Canada,
have noted since 2003 a dramatic increase in CDAD incidence and
in the proportion of cases severe enough to require intensive care
unit (ICU) admission. The decision to perform an emergency colec-
tomy remains largely empirical.
Methods: Retrospective observational cohort study of 165 cases of
CDAD that required ICU admission or prolongation of ICU stay
between January 2003 and June 2005 in 2 tertiary care hospitals of
Quebec. Multivariate analysis was performed through logistic re-
gression; adjusted odds ratios (AOR) and their 95% confidence
intervals (CI) were calculated. The primary outcome was mortality
within 30 days of ICU admission.
Results: Eighty-seven (53%) cases resulted in death within 30 days
of ICU admission, almost half (38 of 87, 44%) within 48 hours of
ICU admission. The independent predictors of 30-day mortality
were: leukocytosis �50 � 109/L (AOR, 18.6; 95% CI, 3.7–94.7),
lactate �5 mmol/L (AOR, 12.4; 95% CI, 2.4–63.7), age �75 years
(AOR, 6.5; 95% CI, 1.7–24.3), immunosuppression (AOR, 7.9; 95%
CI, 2.3–27.2) and shock requiring vasopressors (AOR, 3.4; 95% CI,
1.3–8.7). After adjustment for these confounders, patients who had
an emergency colectomy were less likely to die (AOR, 0.22; 95%
CI, 0.07–0.67, P � 0.008) than those treated medically. Colectomy
seemed more beneficial in patients aged 65 years or more, in those
immunocompetent, those with a leukocytosis �20 � 109/L or
lactate between 2.2 and 4.9 mmol/L.
Conclusion: Emergency colectomy reduces mortality in some pa-
tients with fulminant CDAD.

(Ann Surg 2007;245: 267–272)

Several medical centers in the United States, Canada, and
Europe have recently noted an increase in the incidence

and severity of Clostridium difficile-associated disease
(CDAD). In Pittsburgh, 10% of patients with CDAD diag-
nosed in 2000 to 2001 required an emergency colectomy.1

Enhanced severity of CDAD has also been reported in several
other American states.2 The largest epidemic occurred in the
province of Quebec, Canada, where, during the 2004 to 2005
winter, 30 hospitals reported rates over 15 per 10,000 patient-
days, at least 5 times higher than historical rates.3–5 In
Sherbrooke, Quebec, the incidence of CDAD among individ-
uals aged 65 years or more increased 10-fold between 1991
and 2003, and a recent study showed that the excess mortality
that could be attributed to nosocomial CDAD in 2003 to 2004
was 16.7%.6,7 This coincided with the emergence of a hyper-
virulent toxinotype III NAP1/027 strain of C. difficile, which
produces levels of toxins A and B that are 16 to 23 times higher
than historical strains, most of which were toxinotype 0.8 The
same hypervirulent strain has also been found in the United
Kingdom, the Netherlands, and Belgium.9–12

It used to be uncommon for patients with CDAD to
require admission into an intensive care unit (ICU), but many
hospitals in Quebec have noted a dramatic increase in the
number of such cases since 2003.13 In that context, intensive
care physicians have been frequently seeking a surgical
opinion for the most severe cases, and many patients have
undergone an emergency colectomy. Such a decision is
largely empirical given the absence of evidence supporting a
surgical approach. To improve the surgical decision-making
process for patients critically ill with CDAD, we undertook a
retrospective study of all patients with CDAD who, between
January 1, 2003 and June 30, 2005, required admission into
an ICU in 2 tertiary care hospitals of Quebec.

METHODS
Hôpital Maisonneuve-Rosemont (HMR) is a 597-bed

hospital located in Montreal, while Centre Hospitalier Uni-
versitaire de Sherbrooke (CHUS) is a 683-bed hospital pro-
viding care to inhabitants of southeast Quebec. Adult cases of
CDAD were identified through laboratory reports and sum-
maries of discharge diagnoses. The same C. difficile toxin B
cytotoxin assay was used in both hospitals, on Vero or
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MRC-5 cells, with readings at 24 and 48 hours and neutral-
ization with C. difficile antitoxin (HMR: TechLab, Blacks-
burg, VA; CHUS: Bartels, Issaquah, WA). Cases of CDAD
were defined as patients meeting at least one of the following
criteria: 1) a positive C. difficile cytotoxin assay; 2) endo-
scopic evidence of pseudomembranous colitis; and 3) his-
topathologic evidence of pseudomembranous colitis on either
an endoscopic biopsy, a specimen obtained during colectomy
or autopsy. Lists of cases were compared with records of ICU
admission at HMR, while at CHUS a computerized medical
records system allows tracking of each room in which a
hospitalized patient spent time. Records of patients with both
a diagnosis of CDAD and an ICU stay were reviewed to
exclude those for whom the ICU stay was clearly unrelated to
CDAD. We included cases for which the primary reason for
ICU admission had been CDAD as well as patients admitted
to ICU for other reasons who then developed CDAD severe
enough that it was felt an ICU admission would have been
required for the management of their CDAD had they not
been there already. CDAD was considered healthcare-asso-
ciated if the patient was hospitalized when the initial diag-
nosis of CDAD was made, or had been hospitalized in the
preceding 2 months, or was on hemodialysis.

Medical records were reviewed to collect socio-demo-
graphic information, past medical histories (from discharge
diagnoses of current and all previous hospital admissions, to
calculate the Charlson comorbidity index, a measure of over-
all burden of diseases based on the presence or absence of 19
mostly chronic comorbidities)14 and to extract clinical, diag-
nostic, and therapeutic data. The outcome was all-cause
mortality occurring within 30 days of ICU admission. Data
were analyzed with Stata 8.0. Proportions were compared
with the �2 test or, when numbers were small, with Fisher
exact test. Unconditional logistic regression was used for
multivariate analysis. Models were built up sequentially,
starting with the variable most strongly associated with the
outcome and continuing until no other variable reached sig-
nificance. When the final model was reached, each variable
was dropped in turn to assess its effect. Different models
were compared using the likelihood ratio test, keeping in the
final one variables significant at the P � 0.05 level.

RESULTS
A total of 165 cases of CDAD were included in the

study, corresponding to 161 patients (4 patients contributed 2
distinct episodes). For 154 cases (93%), CDAD had been
health care associated. In 40 (24%) patients, the episode that
required ICU admission corresponded to a relapse of CDAD
occurring within 3 months of a prior episode (21 a first
relapse, 12 a second relapse, 6 a third relapse, and 1 a fifth
relapse), while 125 were admitted to ICU at the time of the
initial diagnosis of CDAD. Fifty-five (33%) patients were
admitted to ICU on the same day they were admitted to
hospital, 34 (21%) between 1 and 3 days and 76 (46%) more
than 3 days after hospital admission.

Eighty-six (52%) patients were male. Age ranged be-
tween 39 and 93 years (median, 75 years; interquartile range
�IQR�, 65–79 years). Their median Charlson score was 3

(IQR, 2–5), and 49 patients (30%) patients had some form of
immunosuppression (systemic corticosteroids for as least 1
month, leukemia, lymphoma, organ transplant, neutropenia,
or any combination thereof). For 144 (87%) patients, it was
possible to retrieve data on the inciting antibiotics given in
the preceding 2 months. Many patients had received more
than one antimicrobial; the most commonly used were fluo-
roquinolones in 86 (60%), third-generation cephalosporins in
39 (27%), macrolides in 32 (22%), �-lactam/�-lactamase
inhibitors in 30 (21%), and first-generation cephalosporins in
28 (19%). Only 8 (6%) had received clindamycin.

In 152 (92%) cases, the diagnosis had been confirmed
by a positive C. difficile toxin assay. Among the 13 toxin-
negative patients, the diagnosis had been confirmed by en-
doscopy in 8, surgery in 3, and autopsy in 2. Plain x-rays of
the abdomen, obtained in 149 patients, were normal in 54
(36%) patients; 50 (34%) had signs of colitis without mega-
colon, 15 (10%) had megacolon, 1 had free air, 2 had intestinal
pneumatosis while 27 (18%) had only nonspecific changes. An
abdominal ultrasound was obtained in 35 patients and inter-
preted as normal in 16 (46%). Eighty-five patients had an
abdominal CT scan: signs of colitis were present in 66 (78%).
An endoscopy was performed on 38 patients, pseudomembranes
were visualized in 33 (87%).

Lactate levels were measured in 143 patients, with
peaks varying between 0.7 and 23.0 mmol/L (median, 3.1
mmol/L; IQR, 2.1–5.6 mmol/L). The median peak leukocyte
count was 30.9 � 109/L (IQR, 20.8–44.1). Among patients
with no preexisting renal failure, median peak creatinine was
181 �mol/L (IQR, 122–245), while in those with pre-existing
renal failure it was 292 �mol/L (IQR, 196–364). Median
albumin level on admission to ICU was 21.0 g/L (IQR, 16–25
g/L). Blood cultures, obtained in 138 patients, revealed a
Gram-negative bacteremia in only 6 cases.

Four patients died before any antimicrobial therapy could
be administered, 13 were treated with only metronidazole, 13
with only oral vancomycin, and 135 received combinations of
metronidazole and vancomycin, either concomitantly or sequen-
tially. Thirty-eight (23.0%) patients underwent a colectomy, 35
of which were total/subtotal. The main indications for colectomy
were shock persisting despite vasopressors (15 patients), mega-
colon (11 patients), lack of response to medical treatment (10
patients), and perforation (2 patients). Compared with patients
treated medically, those who had a colectomy had fewer chronic
comorbidities (ie, a lower Charlson score) but higher leukocy-
tosis and were more likely to be in septic shock (Table 1).

Eighty-seven (52.7%) cases resulted in death within 30
days of ICU admission; of these deaths, 38 (43.7%) occurred
within 48 hours of ICU admission. Table 2 summarizes risk
factors for mortality within 30 days of admission to ICU in
univariate and multivariate analyses. Fifty-eight percent of
patients who were medically treated died, compared with
34% of those who underwent an emergency colectomy (P �
0.02). Factors not associated with mortality included sex,
Charlson score, albumin level, duration of shock prior to ICU
admission, and whether the current CDAD episode corre-
sponded to an initial episode or a relapse. In multivariate
analysis, mortality was significantly higher in patients aged
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75 years or more, in the immunosuppressed, those requiring
vasopressor amines, those with a lactate level �5 mmol/L, or
a white cell count �50 � 109/L. Adjusting for these con-
founding factors, colectomy reduced by 78% the odds of
death (adjusted odds ratio, 0.22; 95% confidence interval,
0.07–0.67, P � 0.008). No significant interaction was found.

To delineate if some patients might be more likely to
benefit from a colectomy, we carried out subgroup analyses
(Table 3). Colectomy did not confer a survival benefit in
patients younger than 65 years of age, in patients with a peak
white cell count �20 � 109/L and those with normal lactate
levels. Without a colectomy, 94% to 95% of patients with a
white cell count �50 � 109/L or with lactate �5 mmol/L
died within 30 days of admission to ICU.

DISCUSSION
Even before the recognition of C. difficile as the cause

of pseudomembranous colitis in 1978,15 surgeons had been
performing colectomy in patients with severe disease.16 Sev-
eral authors have suggested that the frequency of colectomy
among patients with CDAD may have increased during the
last decade. During an epidemic in an Irish hospital in 1995,
3.6% (5 of 138) of patients with CDAD were colectomized.17

In Pittsburgh, 1.1% (27 of 2540) of patients diagnosed with
nosocomial CDAD in 1989 to 1999 needed a colectomy,18

while this increased to an impressive 10.3% (26 of 253) of
patients in 2000 to 2001 (some of whom had been referred
from other facilities specifically because they had severe
CDAD).1 For the whole of Quebec, of 3218 patients with
nosocomial CDAD diagnosed between August 2004 and
March 2005, 32 (1.0%) had a colectomy, but there are no
historical data to which this can be compared.5

The postoperative mortality of CDAD patients under-
going an emergency colectomy is very high. A first review of
the topic in 1990 enumerated 29 case reports of patients who
had surgical management of CDAD: 8 of 23 (35%) of those
colectomized for a toxic megacolon died, as did 3 of 6 (50%)
patients operated for a perforation.16 Additional case series
were published, comprising a total of 54 patients who had a
colectomy, 24 (44%) of whom died.17,19–27 Indications for
surgical treatment were generally considered to be a toxic
megacolon, perforation and/or peritonitis, fulminant dis-
ease (shock, multiple organ failure), and failure of medical
therapy.17,19 During the 1990s, of 62 CDAD patients colecto-
mized in a Pittsburgh hospital, 57% died.18 In a recent review of
CDAD cases from 159 Veterans Administration hospitals, 32 of
67 (48%) patients who had a colectomy died.28

These earlier studies described patients with severe
CDAD who had surgery because of a complicated or fulmi-
nant course but lacked a comparison group that would allow
the life-saving potential of the procedure to be measured.
Ours is thus the first study in which all patients with com-
plicated or fulminant CDAD justifying admission to ICU
were included, allowing a comparison of the outcomes of
those who had a surgical management to those treated
conservatively. Our data suggest that an emergency colec-
tomy may reduce mortality in these highly selected and
very sick patients.

TABLE 1. Characteristics of Patients Who Did or Did Not
Have an Emergency Colectomy Performed for the Treatment
of Fulminant Clostridium difficile-Associated Disease (CDAD)

Characteristic
Had a

Colectomy
Did Not Have
a Colectomy P

Age 0.17

39–64 yr 10 (26%) 28 (22%)

65–74 yr 14 (37%) 31 (24%)

�75 yr 14 (37%) 68 (54%)

Sex 0.30

Female 21 58

Male 17 (45%) 69 (54%)

Charlson score 0.03

0–3 27 (71%) 59 (46%)

4–6 8 (21%) 49 (39%)

�7 3 (8%) 19 (15%)

Immunosuppression* 0.99

No 27 89

Yes 11 (29%) 38 (30%)

Prior episodes of CDAD 0.34

None 31 94

1 or more 7 (18%) 33 (26%)

Shock requiring
vasopressor amines

0.04

No 11 61

Yes 27 (71%) 66 (52%)

Duration of shock prior
to ICU

0.98

�1 hr 11 (41%) 28 (42%)

1–11 hr 9 (33%) 22 (33%)

�12 hr 7 (26%) 16 (24%)

Albumin on admission
to ICU (g/L)

0.02

�15 10 (29%) 11 (10%)

15.1–24.9 18 (51%) 55 (52%)

�25 7 (20%) 40 (38%)

Peak creatinine† (�mol/L) 0.16

�100 5 (13%) 14 (11%)

100–199 8 (21%) 48 (38%)

�200 25 (66%) 65 (51%)

Peak creatinine†/baseline
creatinine

0.92

�1.5 14 46

�1.5 24 (63%) 81 (64%)

Peak white cell count†

(�109/L)
0.02

�20 2 (5%) 34 (27%)

20.0–49.9 28 (74%) 71 (56%)

�50 8 (21%) 22 (17%)

Peak lactate† (mmol/L) 0.58

�2.1 8 (21%) 29 (23%)

2.2–4.9 18 (47%) 46 (36%)

�5 7 (18%) 35 (28%)

Not done 5 (13%) 17 (13%)

*Systemic corticosteroids for as least 1 month, leukemia, lymphoma, organ trans-
plant, neutropenia, or any combination thereof.

†Peak: highest value within 7 days of diagnosis.
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The major limitation of our study lies in its observa-
tional nature. Factors that influenced surgeons’ decisions to
carry out a colectomy might also be related to the 30-day

mortality. To some extent, we avoided such confounding
factors by restricting our analysis to patients admitted to an
ICU. Clearly, the attending physicians had appreciated that

TABLE 2. Risk Factors for 30-Day Mortality Among Patients With Fulminant Clostridium difficile-Associated Disease (CDAD)

Characteristic Died/Total Unadjusted Odds Ratio (95% CI) Adjusted Odds Ratio (95% CI)

Age

39–64 yr 12/38 (32%) 1.0 1.0

65–74 yr 25/45 (56%) 2.7 (1.1–6.7)* 1.6 (0.4–5.9)

�75 yr 50/82 (61%) 3.4 (1.5–7.7)* 6.5 (1.7–24.3)*

Sex

Female 43/79 (54%) 1.0 NS

Male 44/86 (51%) 0.9 (0.5-1.6)

Charlson score

0–3 47/86 (55%) 1.0 NS

4–6 29/57 (51%) 0.9 (0.4-1.7)

�7 11/22 (50%) 0.8 (0.3-2.1)

Immunosuppression‡

No 51/116 (44%) 1.0 1.0

Yes 36/49 (73%) 3.5 (1.7–7.3)† 7.9 (2.3–27.2)*

Prior episodes of CDAD

None 68/125 (54%) 1.0 NS

1 or more 19/40 (48%) 0.8 (0.4–1.5)

Shock requiring vasopressor amines

No 26/72 (36%) 1.0 1.0

Yes 61/93 (66%) 3.4 (1.8–6.4)† 3.4 (1.3–8.7)*

Duration of shock prior to catecholamine treatment

�1 hr 26/39 (67%) 1.0 NS

1–11 hr 18/31 (58%) 1.1 (0.4–2.7)

�12 hr 17/23 (74%) 2.2 (0.8–6.6)

Albumin on admission to ICU (g/L)

�15 13/21 (62%) 1.0 NS

15.0–24.9 38/73 (52%) 0.7 (0.25–1.8)

�25 23/47 (49%) 0.6 (0.2–1.7)

Peak creatinine§ (�mol/L)

�100 6/19 (32%) 1.0 NS

100–199 33/56 (59%) 3.1 (1.0–9.4)*

�200 48/90 (53%) 2.5 (0.9–7.1)

Peak creatinine§/baseline creatinine

�1.5 27/60 (45%) 1.0 NS

�1.5 60/105 (57%) 1.6 (0.9–3.1)

Peak white cell count§ (�109/L)

�20 16/36 (44%) 1.0 1.0

20.0–49.9 45/99 (45%) 1.0 (0.5–2.2) 1.6 (0.5–4.9)

�50 26/30 (87%) 8.1 (2.35–28.1)† 18.6 (3.7–94.7)†

Peak lactate§ (mmol/L)

�2.1 16/37 (43%) 1.0 1.0

2.2–4.9 27/64 (41%) 0.9 (0.4–2.0) 0.6 (0.2–1.8)

�5 39/42 (93%) 17.1 (4.5–65.3)† 12.4 (2.4–63.7)*

Not done 6/22 (27%) 0.5 (0.2–1.5) 0.3 (0.1–1.4)

Colectomy performed

No 74/127 (58%) 1.0 1.0

Yes 13/38 (34%) 0.4 (0.2–0.8)* 0.2 (0.1–0.7)*

*P � 0.05; †P � 0.001.
‡Systemic corticosteroids for as least 1 month, leukemia, lymphoma, organ transplant, neutropenia, or any combination thereof.
§Peak: highest value within 7 days of diagnosis.
ICU indicates Intensive Care Unit; CI, confidence interval; NS, not significant (and thus not kept in the final model).
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their patient did not have a rapidly fatal comorbidity or very
old age such that aggressive management would be inappro-
priate. We also adjusted, through logistic regression, for the
confounding factors that were identified. For instance, pa-
tients colectomized were more likely to have a high leuko-
cytosis or to be in septic shock than those treated medically,
and as a result the adjusted odds ratio for the effect of
colectomy on mortality was lower than the crude odds ratio.
Patients colectomized had fewer chronic comorbidities than
those who did not undergo surgery, but since the Charlson
score was itself not associated with the 30-day mortality, this
did not confound the association. Nevertheless, there might
have been additional, unmeasured confounders whose effect
on the measure of the association between colectomy and a
lower mortality could go either way.

This study was conducted during an epidemic caused
by the NAP1/027 toxinotype III strain of C. difficile that is a
hyperproducer of both toxins A and B.8 In our institutions,
between two thirds and four fifths of C. difficile isolates
collected in 2003 to 2005 were toxinotype III NAP1/027
strains,8,13 and 6% to 10% of patients with nosocomial
CDAD ended up in ICU.7,13 Whether our findings can be
extrapolated to centers not yet dealing with this specific strain
is unknown.

Among patients with CDAD requiring ICU admission,
are some more likely to benefit from an emergency colec-
tomy? The subgroup analyses presented in Table 3 should be
interpreted with caution given the small number of patients in

some strata, but we could not demonstrate a survival benefit
among younger patients, those with normal lactate or a
leukocytosis �20 � 109/L. The results also suggest that
colectomy should be considered before patients increase their
lactate levels �5 mmol/L, in which cases the prognosis is
dismal with or without surgery.

The recruitment of 165 CDAD cases requiring ICU ad-
mission, 38 of whom had an emergency colectomy, in 2 hospi-
tals over a 30-month period underscores the dramatic changes in
the incidence and severity of CDAD in Quebec. Presumably
because of the severe diarrhea it induces, this strain seems to be
more transmissible than others and is spreading rapidly in the
United States and parts of Europe.1–2,9–12 Our results suggest
that surgeons should consider an emergency colectomy in pa-
tients with fulminant disease for whom aggressive care is not
contraindicated by other comorbidities.
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